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(54) HYDRAULIC CONTROL DEVICE FOR AUTOMATIC TRANSMISSION

(67)  [Task]Inavehicle having anidling stop function,
a favorable restart response characteristic at a time of
an engine restart while an electrically driven oil pump is
not required.

[Solving means]

An accumulator 40 is connected to a line pressure
oil passage 33 via an electromagnetic cut-off valve 42
and a one-way valve 39, a three-way electromagnetic
switching valve 44, and a pressure holding valve 46 are
additionally installed on clutch pressure oil passage 34
of a low clutch 50 which is engaged at a time of an engine
stop. The accumulator is cut off from the line pressure
oil passage and the low clutch is communicated with the

pressure holding valve and the clutch pressure is held to
avalue immediately before a torque transmission control,
at the time of the engine stop and, during an engine re-
start, the electromagnetic cut-off valve is duty controlled
in accordance with an accelerator opening angle and the
clutch pressure is discharged from the accumulator.
Even if a sufficienthydraulic pressure is not supplied from
oil pump 30 immediately after the engine is restarted, the
low clutch in a state immediately after the restart, the low
clutchin a state immediately before a torque transmission
control can immediately start the torque transmission in
response to the discharge from the accumulator so that
a high response characteristic can be obtained.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a hydraulic
pressure control apparatus for an automatic transmission
in a vehicle in which an idling stop is carried out.

BACKGROUND ART

[0002] A plurality of clutches and brakes (hereinafter,
represented simply by clutches) which are operated to
depress frictional plates under pressure by means of a
hydraulic pressure are installed within a gear train in an
automatic transmission. Thus, a plurality of gear shift
stages are achieved according to a combination of en-
gagements of the clutches and/or releases thereof. For
example, a low clutch (LOW/C), a high clutch (HIGH/C),
and so forth are installed. At a forward first speed, the
low clutch is engaged. At a high-speed third speed, the
low clutch is released and the high clutch is engaged.
[0003] Each clutch is provided with a hydraulic pres-
sure chamber and a piston which strokes according to a
working hydraulic pressure supplied to the hydraulic
pressure chamber. An operation process of each clutch
includes: a stage of a stroke end at a free running interval
until the piston is contacted on the frictional plate; and a
torque transmission control stage at which the piston ac-
tually depresses the frictional plate under pressure and
the working hydraulic pressure is controlled to be varied
to a maximum engagement pressure in order to smoothly
vary the contact state of the piston and the frictional plate
from a slip state to a completely engaged state.

[0004] In a vehicle in which such an automatic trans-
mission as described above is mounted, in order to im-
prove a fuel economy and to reduce a quantity of exhaust
gas, an idling stop function is conventionally equipped in
which an engine is automatically stopped in a case where
the vehicle is temporarily stopped due to a signal wait at
a traffic intersection during a traveling of the vehicle or
in a case where the vehicle is waiting for a passage of a
train at a railroad crossing and is, thereafter, started with
the engine re-started when a predetermined condition is
established.

[0005] Incidentally, the above-described clutch is en-
gaged andreleased using the hydraulic pressure through
a mechanical oil pump driven by means of an engine
power. However, since the operation of the mechanical
oil pump is stopped during the engine stop of the idling
stop, the required hydraulic pressure cannot immediately
be obtained at the time of the restart of the vehicle.
[0006] Inaddition, in one of the clutches to be engaged
at a first speed for the re-start of the vehicle, the working
oil of the hydraulic pressure chamber is drained during
the idling stop. The oil quantity for the stroke end stage
is demanded. Hence, such a problem that a desired re-
sponse characteristic cannot be obtained at the time of
restart after the idling stop is raised. A demand on a re-
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sponse characteristic is, specially, large in a case where
the restart is a forward direction of the vehicle.

[0007] Therefore, for example, in a Japanese Patent
Application First Publication (tokkai) No. 2002-115755,
a hydraulic pressure control apparatus has been pro-
posed in which an electrically driven oil pump is addition-
ally installed in the automatic transmission and the hy-
draulic pressures from these respective hydraulic pres-
sures are supplied to the starting clutch by a combination
of an electrically driven oil pump and an accumulator with-
in a hydraulic pressure circuit.

Pre-published document

[0008] Patent Document 1: Japanese Patent Applica-
tion First Publication (tokkai) No. 2002-115755.

DISCLOSURE OF THE INVENTION
Problem to be solved by the invention

[0009] However, in the above-described conventional
hydraulic pressure control apparatus, apart from the me-
chanical oil pump, an additional pump mechanism and
a motor to drive this pump mechanism are needed so
that a large sizing of the automatic transmission and a
cost increase have been introduced.

[0010] Inaddition, since the electrically driven oil pump
requires a large power, a consumption of the battery ex-
cessively becomes increased.

[0011] Hence, it is an object of the present invention
to provide a hydraulic pressure control apparatus for an
automatic transmission which is capable of obtaining a
favorable restart response characteristic at a time of the
idling stop while the electrically driven oil pump is not
needed.

Means for solving the problem

[0012] The hydraulic pressure control apparatus for
the automatic transmission, the automatic transmission
being mounted in the vehicle which makes an engine
stop under a predetermined stop condition and makes
the engine restart under a predetermined start condition,
the hydraulic pressure control apparatus comprising:
pressure accumulating means connected to a hydraulic
pressure supply passage directed toward a clutch of the
automatic transmission via an electromagnetic cut-off
valve, the clutch being engaged at a time of a start of the
vehicle; pressure holding means for holding a working
hydraulic pressure of the clutch at a predetermined value;
and control means for controlling the electromagnetic
cut-off valve, wherein the control means, at a time of the
engine stop, cuts off the pressure accumulating means
from the hydraulic pressure supply passage to hold the
hydraulic pressure of the hydraulic pressure supply pas-
sage at the predetermined value through the pressure
holding means and, at a time of a restart of the engine,
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discharges a working oil charged in the pressure accu-
mulating means into the hydraulic pressure supply pas-
sage through the electromagnetic cut-off valve.

Effects of the invention

[0013] Accordingtothe presentinvention, even ifa suf-
ficient hydraulic pressure is not supplied from the oil
pump in a transient state immediately after the engine
has restarted, the hydraulic pressure is supplied to the
clutch described above while a shelf pressure control is
carried out by performing a discharge hydraulic pressure
control of pressure accumulating means for the working
hydraulic pressure held at the predetermined value
through the electromagnetic cut-off valve. Hence, a
shock-free torque transmission with a high response
characteristic can be started at an earlier stage and the
vehicle start is carried out.

[0014] Thus, an installation of the additionally electri-
cally driven oil pump is not needed.

Brief Description of the Drawings
[0015]

[Fig. 1] is a configuration view representing a drive
train of a vehicle to which a preferred embodiment
according to the present invention is applicable.
[Fig. 2] is a hydraulic pressure circuit related to an
idling stop.

[Fig. 3] is a flowchart representing a flow of an idling
stop corresponding control.

[Fig. 4] is a graph representing a duty control proce-
dure of an electromagnetic cut-off valve.

[Fig. 5] is a timing chart representing an operation
process at a time of restart of an engine.

Detailed Description of the Embodiments

[0016] Next, a preferred embodiment according to the
present invention will be described.

[0017] Fig. 1 shows a diagram representing a drive
system of the vehicle according to the present invention.
[0018] An automatic transmission 2 is coupled to an
output shaft of an engine 1. Automatic transmission 2
includes a torque converter 3, a gear shift mechanism
section 4, and a hydraulic pressure control valve unit 5.
An output of automatic transmission 2 is transmitted to
driving wheels 8, 9 from a drive shaft 6 via a differential
gear 7.

[0019] An engine control unit (ECU) 10 to control an
ignition timing and so forth, a throttle valve (not shown),
and a fuel injection valve are connected to engine 1. An
automatic transmission control unit (ATCU) 16 to control
atarget gear shift stage and a working hydraulic pressure
supplied to one or more of clutches to achieve the target
gear shift stage is connected to automatic transmission 2.
[0020] A vehicular electronic control unit 20 is connect-
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ed to engine control unit 10 and automatic transmission
control unit 16.

[0021] A number of revolutions per unit time (engine
speed) of the engine output shaft is inputted to engine
control unit 10 and an accelerator opening angle is in-
putted from an accelerator pedal sensor 14 via engine
control unit 10.

[0022] A shift lever position is inputted to automatic
transmission control unit 16 from a shift lever sensor 18
and engine revolution speed and accelerator opening an-
gle are inputted thereto via engine control unit 10.
[0023] Signals from brake switch 22 and vehicle speed
sensor 24 are inputted to vehicular electronic control unit
20, the accelerator opening angle being inputted thereto
via engine control unit 10, the shift lever position being
inputted thereto via automatic transmission control unit
16, and a control command is issued from vehicular elec-
tronic control unit 20 to engine control unit 10 and auto-
matic transmission control unit 16 in order to perform an
overall control for engine 1 and automatic transmission
2 on a basis of a driving state of the vehicle.

[0024] Vehicular electronic control unit 20 provides an
automatic stop condition of engine 1, especially in the
control of the idling stop, when the vehicle is in a stopped
state (vehicle speed = 0), the shiftleveris ata N (Neutral)
position or a P (Parking) position, and accelerator open-
ing angle of 0 (a state in which the accelerator pedal is
not depressed) or when the vehicle is in the stopped
state, the shift lever is at a D (Drive) position, accelerator
opening angle of 0, and a brake ON state (a state in which
a brake pedal is depressed).

[0025] It should be noted that a restart condition of en-
gine 1 is a state in which the above-described automatic
stop condition does not become established.

[0026] Vehicular electronic control unit 20 outputs an
engine stop command and an engine restart command
to engine control unit 10 respectively corresponding to
the establishment of the automatic stop condition and to
the establishment of the engine restart condition. Then,
engine control unit 10 stops and restarts engine 1 on a
basis of these commands.

[0027] Inaddition, the command of the engine stop and
the command to the engine restart are outputted to au-
tomatic transmission control unit 16 and automatic trans-
mission control unit 16 performs an idling stop corre-
sponding control as will be described later for automatic
transmission 2.

[0028] Fig. 2 shows a hydraulic pressure circuit related
to the idling stop.

[0029] An output of an oil pump 30 driven through a
revolution of the output shaft of engine 1 is regulated to
be a line pressure by means of a regulator valve 32 and
this line pressure is inputted to an input port P of a manual
valve 35 via a line pressure oil passage 33.

[0030] A Drange portD of manual valve 35 is connect-
ed to a hydraulic pressure chamber of a low clutch
(LOW/C) 50 which is engaged at a forward first speed
sequentially via a control valve 37 and a one-way valve
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39.

[0031] Control valve 37 controls a pilot pressure gen-
erated from the line pressure through a pilot valve 36
using a solenoid 38 to provide a drive pressure and con-
trols a hydraulic pressure (a clutch pressure) to low clutch
50 to be outputted to a clutch pressure oil passage 34.
[0032] It should be noted that, although D range port
D of manualvalve 35is connected to other clutch systems
engaged at a higher speed range and an R range port R
is connected to a clutch system which is engaged at a
reverse speed stage, these related parts are omitted fro
Fig. 2.

[0033] Anaccumulator 40 is connected via an electro-
magnetic cut-off valve 42 to line pressure oil passage 33
directed toward the input port of manual valve 35. Elec-
tromagnetic cut-off valve 42 communicates accumulator
40 with line pressure oil passage 33 when electromag-
netic cut-off valve 42 is in an OFF state and cuts off this
communication when electromagnetic cut-off valve 42 is
in an ON state to provide a duty control for electromag-
netic cut-off valve 42.

[0034] Duringthe travel atthe D range of the shiftlever,
electromagnetic cut-off valve 42 is held at the OFF state
so that accumulator 40 is communicated with line pres-
sure oil passage 33. Hence, accumulator 40 is in a state
in which the working oil is filled therein and accumulator
40 holds an accumulator pressure equivalent to the line
pressure.

[0035] Inaddition, athree-way electromagnetic switch-
ing valve 44 is disposed in parallel to one-way valve 39.
Three-way electromagnetic switching valve 44, in the
OFF state, communicates low clutch 50 side of one-way
valve 39 with a control valve side 37 of check valve 39
and, in the ON state, connects low clutch side 50 of check
valve 39 to a pressure holding valve (or a pressure-relief
valve) 46. During the ordinary driving of the vehicle, the
three-way electromagnetic switching valve 44 is in the
OFF state.

[0036] Pressure holding valve 46 drains when the hy-
draulic pressure inputted via three-way electromagnetic
switching valve 44 is higher than a predetermined value
and holds the hydraulic pressure at the predetermined
value when the inputted hydraulic pressure is reduced
and reached to the predetermined value.

[0037] Anidling stop corresponding control of automat-
ic transmission 2 by means of automatic transmission
control unit 16 is carried out as follows.

[0038] Fig. 3 shows a flowchart representing a flow of
the idling stop corresponding control.

[0039] First,atastep 100, automatic transmission con-
trol unit 16 checks to see if an engine stop command is
issued from vehicular electronic control unit 20.

[0040] Ifthe engine stopcommandisissued, automatic
transmission control unit 16 turns on electromagnetic cut-
off valve 42, at a step 101. Thus, the working oil of the
accumulator pressure is retained within accumulator 40.
[0041] At a step 102, automatic transmission control
unit 16 checks to see whether the shift lever is placed at
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the D range.

[0042] In a case where the shift lever is placed at a D
range position, the routine goes to a step 103. At step
103, automatic transmission control unit 16 sets a D
range flagto" 1 "and turns on electromagnetic switching
valve 44. Thus, low clutch 50 is cut off from a control
valve side 37 and is communicated with pressure holding
valve 46. Then, pressure holding valve 46 holds the hy-
draulic pressure of a low clutch side 50 at the predeter-
mined value.

[0043] Itshould be noted that the predetermined value
of the working hydraulic pressure held by pressure hold-
ing valve 46 is a hydraulic pressure value corresponding
to a state in which the frictional plates of low clutch 50
are not completely engaged but no clearance required
for the end stage of the piston stroke is present, in other
words, the predetermined value is set to a value imme-
diate before a torque transmission control.

[0044] After three-way electromagnetic switching
valve 44 is turned on, the routine goes to a step 105.
[0045] Onthe other hand, if the shift lever is not placed
at the D range position, the routine goes to a step 104.
At step 104, automatic transmission control unit 16 con-
tinues three-way electromagnetic switching valve 44 to
be in the OFF state and resets D range flag to " 0 " and
the routine goes to a step 105.

[0046] It should be noted that the state of D range flag
and state of three-way electromagnetic switching valve
44 which are once set are not changed, during the engine
stop, even if an operation of the shift lever occurs.
[0047] Atstep 105, automatic transmission control unit
16 checks to see whether an engine restart command is
issued from vehicular electronic control unit 20.

[0048] While no command to restart the engine is is-
sued, step 105 is repeated.

[0049] In response to the command of the engine re-
start, engine control unit 10 starts a cranking to start en-
gine 1.

[0050] When automatic transmission control unit 16 si-

multaneously receives this engine restart command, this
control unit 16 again checks to see if the shift lever is at
the D range position. This is because, during the engine
stop, there is often the case in which a vehicle driver
operates the shift lever.

[0051] When the shift lever is placed at the D range
position, automatic transmission control unit 16 checks
to see whether D range flagis " 1".

[0052] If D range flagis " 1", the shift lever is held at
the D range position for a time duration before and after
the engine restart and three-way electromagnetic switch-
ing valve 44 is turned to ON. In this case, the routine
goes to a step 108. The accelerator opening angle by
means of an accelerator pedal sensor 14 is read via en-
gine control unit 10.

[0053] Then, the working oil is discharged from accu-
mulator 40 by performing a duty control for electromag-
netic cut-off valve 42 with three-way electromagnetic
switching valve 44 kept to be turned ON, at a step 109.
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[0054] Atstep 109, as showninFig. 4, an ON duty ratio
becomes larger as the accelerator opening angle be-
comes smaller and, as the accelerator opening angle be-
comes larger, the ON duty ratio is set to become reduced.
[0055] Itshould be noted that low clutch 50is in a clutch
pressure state corresponding to a state in which low
clutch 50 is communicated with pressure holding valve
46 due to the ON state of electromagnetic switching valve
44 and the full stroke of the position of low clutch 50 is
ended. Hence, low clutch 50 is immediately started to
depress the frictional plates to enter the torque transmis-
sion control state.

[0056] At a step 110, automatic transmission control
unit 16 reads the engine speed via engine control unit 10
and checks to see whether the engine speed is equal to
or larger than a predetermined engine speed Nk repre-
senting a complete explosion of the engine which has
restarted. If engine speed < Nk, the routine returns to
step 108. At step 108 and, thereafter, automatic trans-
mission control unit 16 continues the duty control for elec-
tromagnetic cut-off valve 42 on a basis of the accelerator
opening angle.

[0057] If the engine speed is equal to or larger than
Nk, the routine goes to a step 111. At step111, automatic
transmission control unit 16 turns both of three-way elec-
tromagnetic switching valve 44 and electromagnetic cut-
off valve 42 to OFF and ends the idling stop correspond-
ing control.

[0058] Since a sufficient working hydraulic pressure is
supplied from oil pump 30 after the engine is completely
exploded, due to the OFF state of three-way electromag-
netic switching valve 42, low clutch 50 is separated from
pressure holding valve 46 and an ordinary control pres-
sure is supplied to low clutch 50 which is connected to
control valve 37. In addition, since the OFF state of elec-
tromagnetic cut-off valve 42 is maintained, the line pres-
sure is charged to accumulator 40.

[0059] If the shift lever is not placed at the D range
position at step 106, the routine goes to a step 112. At
step 112, the D range flag is reset to " 0 " and three-way
electromagnetic switching valve 44 is turned to OFF.
[0060] Thus, even ina case where the shiftlever atthe
time of the engine stop is placed at the D range position
and electromagnetic switching valve 44 is turned to ON,
low clutch 50 is communicated with control valve 37 so
that the clutch pressure of low clutch 50 is enabled to be
drained.

[0061] Next,atastep 113, automatic transmission con-
trol unit 16 checks to see whether the shift lever is placed
at an R range position.

[0062] Ifthe shiftleveris placed atthe R range position,
the routine goes to a step 114 to turn OFF electromag-
netic cut-off valve 42 and, thereafter, control is ended.
Due to the OFF state of electromagnetic cut-off valve 42,
accumulator 40 which has been cut off from line pressure
oil passage 33 is returned in a communication state from
line pressure oil passage 33.

[0063] Onthe other hand, if the shift lever is not placed
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atthe Rrange position at step 113, the shiftleveris placed
at either N range or P range position and it is uncertain
whether the shift lever is, in the near futre, manipulated
to D range or Rrange position. Hence, the routine returns
to step 106 with electromagnetic cut-off valve kept at the
ON state.

[0064] Next, if, at step 107, D range flag is " 0", the
routine goes to step 114.

[0065] "O0" of the D range flag means that the shift
lever is manipulated from any other position than the D
range to D range position during the engine stop. Since
three-way electromagnetic switching valve 44 is not
turned to ON, low clutch 50 is communicated with control
valve 37 and the working oil of low clutch 50 is drained
through control valve 37.

[0066] Since, at step 114, electromagnetic cut-off
valve 42 is held to be turned to OFF, the working oil from
accumulator 40 is exhausted in a stepwise manner to
line pressure oil passage 33.

[0067] Fig. 5 shows a timing chart representing an op-
eration process when the engine is restarted from a state
in which the engine is stopped with the shift lever placed
atthe D range position according to the control described
above.

[0068] During the engine stop according to the idling
stop, the brake signal is in the ON state, the accelerator
opening angle is 0, electromagnetic cut-off valve 42 is in
the ON state, accumulator 40 is held in a state in which
the working oil is charged, and the clutch pressure of low
clutch 50 is held at the pressure holding state.

[0069] At a time tO, the brake signal is turned to the
OFF state. Then, an engine start command is issued
(ON) so that a cranking is started and the engine speed
is irregularly started to rise.

[0070] Atthe same time, electromagnetic cut-off valve
42 repeats the ON state and OFF state due to the duty
control. Since, in a case of zero accelerator opening an-
gle, the ON duty is large so that the working oil of accu-
mulator 40 is discharged at a moderate speed.

[0071] While the engine speed is sufficiently low so
that a sufficient hydraulic pressure is not generated from
oil pump 30, the working oil discharge from accumulator
40 causes the hydraulic pressure to be supplied to low
clutch 50 via manual valve 35, control valve 37, and one-
way valve 39. Since the stroke end stage of low clutch
50 is finished under the holding pressure, the rise in the
clutch pressure started from the holding pressure is start-
ed and the engagement of the clutch is immediately start-
ed. However, a degree of rise in the clutch pressure is
such that the rise in the hydraulic pressure is extremely
moderate due to the moderate discharge of the accumu-
lator. Hence, as shown in a waveform of start acceleration
(G), an engagement shock such as shown in a broken
line in Fig. 5 which could be generated when discharged
in the stepwise manner is not introduced but a smooth
vehicle start is resulted.

[0072] Then, if the engine speed is reached to prede-
termined speed Nk representing the complete explosion,
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oil pump 30 generates the hydraulic pressure so that the
line pressure indicates the normal value. Hence, atatime
t1, electromagnetic cut-off valve 42 is turned in the OFF
state with the duty control stopped so that accelerator 40
is always in the communication state with line pressure
oil passage 33. Thus, accumulator 40 which was hitherto
in the discharge state is in the charge state from line
pressure oil passage 33 and the charge quantity is in the
increase direction.

[0073] In addition, at a time t1, three-way electromag-
netic switching valve 44 is turned to the OFF state and
the line pressure is supplied to low clutch 50 via control
valve 37. Thus, while, in the conventional ordinary control
hydraulic pressure as a comparative example, the clutch
pressure cannot be a steady-state pressure until the sub-
sequent time of t2, the clutch pressure can be controlled
to be underthe steady-state pressure and the clutch pres-
sure control by means of control valve 37 becomes pos-
sible.

[0074] Since the accelerator opening angle is held at
"0 "in the timing chart of Fig. 5, a moderate creep start
is resulted. Since the depression of the accelerator pedal
is large and, as the accelerator opening angle becomes
larger, the discharge speed from accumulator 40 is set
to be high and, hence, a high response characteristic can
be obtained.

[0075] Inthe preferred embodiment, low clutch 50 cor-
responds to the clutch engaged at the time of a vehicle
startin the case of the presentinvention and line pressure
oil passage 33 corresponds to the hydraulic pressure
supply passage.

[0076] Then,one-way valve 39, three-way electromag-
netic switching valve 44, and pressure holding valve 46
constitute pressure holding means and three-way elec-
tromagnetic switching valve 44 corresponds to a switch-
ing valve. Accumulator 40 corresponds to pressure ac-
cumulating means.

[0077] In addition, a function part of automatic trans-
mission control unit 16 executing processes of steps 100
through 114 in the flowchart of Fig. 3 constitutes control
means.

[0078] The embodiment described above is structured
as described above. In the vehicle making engine 1 stop
under the predetermined stop condition and making en-
gine 1 restart under the predetermined start condition,
accumulator 40 is provided which is connected via elec-
tromagnetic cut-off valve 42 to line pressure oil passage
33 which provides the hydraulic pressure supply passage
for low clutch 50 of automatic transmission 2, low clutch
50 being engaged at the time of start of the vehicle, pres-
sure holding valve 46 or so forth is used to hold the work-
ing hydraulic pressure of low clutch 50 at the predeter-
mined value, at the time of the stop of engine 1, and the
working oil charged in accumulator 40 is discharged to
line pressure oil passage 33 at the time of restart of en-
gine 1. Hence, even if a sufficient hydraulic pressure from
oil pump 30 is not supplied in a transient state immedi-
ately after the restart of engine 1, the working hydraulic
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pressure in which the pressure holding at the predeter-
mined value is added to the discharge part of the accu-
mulator is supplied to low clutch 50. Thus, the torque
transmission can, at an earlier stage, be started and the
start of the vehicle at a high response characteristic is
carried out. Hence, an additional electrically driven oil
pump is not needed (an effect of claim 1).

[0079] Especially, the predetermined value held as the
holding pressure is the value immediately before the
torque transmission control in low clutch 50 and the piston
of low clutch 50 is in the stroke ended state. Hence, ac-
cumulator 40 does not require a capacity equivalent to
the stroke end of the piston of low clutch 50 so that a
small sized accumulator having a small capacity can be
provided for accumulator 40 (an effect of the claim 2).
[0080] In addition, electromagnetic cut-off valve 42 is,
especially, under the duty control in accordance with the
accelerator opening angle when the working oil of accu-
mulator 40 is discharged. Hence, the torque transmission
control is possible in accordance with the accelerator
opening angle when the working oil of accumulator 40 is
discharged. Hence, the torque transmission control is
possible in accordance with the accelerator opening an-
gle from the first time of engine restart (an effect of the
claim 3).

[0081] The holding of the working hydraulic pressure
of low clutch 50 at the predetermined value is carried out
only when the D range is selected at the time of a stop
of engine 1 so that a speedy complete release of low
clutch 50 can be secured in a case where it is not nec-
essary for low clutch 50 to be engaged at the time of the
engine restart at a range position except the D range (an
effect of the claim 4).

[0082] A specific structure of holding the working hy-
draulic pressure of low clutch 50 at the time of engine
stop at the predetermined value includes one-way valve
39 interposed between low clutch 50 and control valve
37, to allow a circulation only toward a low clutch 50 di-
rection; pressure holding valve 46 configured to hold the
working hydraulic pressure exceeding the predetermined
value at the predetermined value; and three-way elec-
tromagnetic switching valve 44 configured to switch and
connect low clutch 50 side of one-way valve 39 to either
control valve 37 side or pressure holding valve 46 side,
wherein three-way electromagnetic switching valve 44 is
configured to communicate low clutch 50 side of one-
way valve 39 with control valve 37 side when the ordinary
traveling in which the D range is selected and configured
to communicate low clutch 50 side of one-way valve 39
with pressure holding valve 46 when the D range is se-
lected during the idling stop. Hence, the clutch pressure
can simply but accurately be held at the predetermined
value (an effect of the claim 5).

[0083] It should be noted that, in the preferred embod-
iment, vehicular electronic control unit 20 determines the
engine stop and the engine restart and the idling stop
corresponding control in automatic transmission 2 is car-
ried out in automatic transmission control unit 16. In ad-
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dition, automatic transmission control unit 16 obtains
pieces of information on the engine speed and the ac-
celerator opening angle via engine control unit 10. How-
ever, the presentinvention is not limited to this. Automatic
transmission control unit 16 nay directly input each of the
pieces of information. On the contrary, automatic trans-
mission control unit 16 may input the position of the shift
lever via vehicular electronic control unit 20.

[0084] Furthermore, vehicular electronic control unit
20 and automatic transmission control unit 16 may be
integrated together and an input route of each of the piec-
es of information may be arbitrary.

[0085] In addition, the accelerator opening angle by
means of the accelerator pedal sensor may use a throttle
opening angle by means of a throttle sensor of the engine.

Explanation of signs
[0086]

1 engine

2 automatic transmission

10  engine control unit

12 engine speed sensor

14  accelerator pedal sensor

16  automatic transmission control unit
18  shift lever sensor

20  vehicular electronic control unit
22 brake switch

30 oil pump

32 regulator valve

33  line pressure oil passage

34  clutch pressure oil passage

35 manual valve

36 pilot valve

37  control valve

38  solenoid

39 one-way valve

40  accumulator

42  electromagnetic cut-off valve
44  three-way electromagnetic switching valve
46  pressure holding valve

50 low clutch

Claims

1. A hydraulic pressure control apparatus for an auto-
matic transmission, the automatic transmission be-
ing mounted in a vehicle which makes an engine
stop under a predetermined stop condition and
makes the engine restart under a predetermined
start condition, the hydraulic pressure control appa-
ratus comprising: pressure accumulating means
connected to a hydraulic pressure supply passage
directed toward a clutch of the automatic transmis-
sion via an electromagnetic cut-off valve, the clutch
being engaged at a time of a start of the vehicle;
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pressure holding means for holding a working hy-
draulic pressure of the clutch at a predetermined val-
ue; and

control means for controlling the electromagnetic
cut-off valve, wherein the control means, at a time
of the engine stop, cuts off the pressure accumulat-
ing means from the hydraulic pressure supply pas-
sage to hold the hydraulic pressure of the hydraulic
pressure supply passage atthe predetermined value
through the pressure holding means and, at a time
of a restart of the engine, discharges a working oil
charged in the pressure accumulating means into
the hydraulic pressure supply passage through the
electromagnetic cut-off valve.

The hydraulic pressure control apparatus for the au-
tomatic transmission as claimed in claim 1, wherein
the predetermined value of the working hydraulic
pressure of the clutch held by the pressure holding
means is a value immediate prior to a torque trans-
mission control in the clutch.

The hydraulic pressure control apparatus for the au-
tomatic transmission as claimed in either claim 1 or
2, or 2, wherein the control means performs a duty
control for the electromagnetic cut-off valve in ac-
cordance with an accelerator opening angle of the
vehicle when discharging the working oil in the pres-
sure accumulating means.

The hydraulic pressure control apparatus for the au-
tomatic transmission as claimed in any one of the
preceding claims 1 through 3, wherein the pressure
holding means holds the working hydraulic pressure
of the clutch at the predetermined value only when
a D range is selected at a time of the engine stop.

The hydraulic pressure control apparatus for the au-
tomatic transmission as claimed in claim 4, wherein
the pressure holding means comprises: a one-way
valve interposed between the clutch and the control
valve, the control valve adjusting the working hydrau-
lic pressure directed toward the clutch, to allow a
circulation only toward a clutch direction; a pressure
holding valve configured to hold the working hydrau-
lic pressure at the predetermined value; and a
switching valve configured to switch and connect the
clutch side of the one-way valve to either the control
valve side or the pressure holding valve, the switch-
ing valve being configured to communicate the clutch
side of the one-way valve with the control valve side
when an ordinary traveling in which the D range is
selected is carried out and being configured to com-
municate the clutch side of the one-way valve with
the pressure holding valve when the D range is se-
lected during an idling stop.
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FIG.3
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